INTRODUCTION
The porcine c-fos gene belongs to a family of primary response genes that encode for transcription factors possessing a basic leucine zipper motif. Detection of the c-fos gene, and of the product (c-Fos), following stimulation of the mammalian central nervous system has enabled the neural pathways activated by specific stimuli to be determined. [1] [2] [3] Increases in c-Fos protein have been demonstrated in the porcine hypothalamus following the administration of low doses of endotoxin or stressors such as cold exposure, transport simulation, and physical restraint. [4] [5] [6] [7] This was done using an immunohistochemical (IHC) technique with an antibody raised in rabbits against amino acids 2-17 of rat c-Fos. However, in the pig, unlike the rat, the use of antibodies raised in rabbits gives rise to non-specific cytoplasmic staining of the magnocellular neurohypophysial system. Although this can be eliminated by pre-incubation of the primary antiserum with proteins A and G, 8, 9 the intensity of the specific labelling also tends to be reduced. Furthermore, it has not previously been possible to demonstrate the presence of c-fos mRNA in the pig brain after endotoxin challenge, as cfos antisense oligonucleotide probes that have been used successfully for in situ hybridisation studies in sheep 10, 11 and rats do not appear to hybridise in porcine brain tissue (Vellucci, unpublished observations) .
The aims of this study, therefore, were: (i) to determine the sequence of a portion of the pig c-fos gene; (ii) to use the information to develop an antisense oligonucleotide probe suitable for in situ hybridisation studies; and (iii) to examine the effects of an intravenous (i.v.) endotoxin challenge on c-fos mRNA expression in the porcine paraventricular (PVN) and supraoptic (SON) nuclei using this new probe.
MATERIALS AND METHODS
Pig genomic DNA was isolated by means of a standard procedure employing a Nucleon Genomic DNA Isolation kit (Scotlab, UK) and a 414 bp DNA fragment amplified from this template DNA using the following primers:
Forward sequence, 5′-GGGAAAGGAATAAGATGGCTGCAG-3′
Reverse sequence, 5′-GGGTGAAGGCCTCCTCAGAC-3′ Intravenous (i.v.) endotoxin causes fever and induces cortisol and vasopressin release in prepubertal pigs. In order to investigate CNS events associated with these responses, the sequence of the porcine cfos gene was determined. An oligonucleotide probe complementary to part of the c-fos mRNA sequence was then designed and used to examine the effect of i.v. lipopolysaccharide (LPS: 0.7 µg/kg) on gene expression in the hypothalamus. An increase in c-fos mRNA was detected in the paraventricular and supraoptic nuclei; expression was greater (P < 0.05) than in normal animals at 30 min, but not at 120, min after LPS injection. These results are consistent with an activational effect of LPS on neuroendocrine pathways involved in the release of anterior and posterior pituitary hormones.
Polymerase chain reaction (PCR) products were subcloned into the PCR-Script™ vector (Stratagene) and both strands of the subcloned DNA fragment were characterised by automatic DNA sequencing using an ABI 373A automated DNA sequencer (Applied Biosystems). Two oligonucleotide probes (45 bases in length) complementary to bases 51-95 and 198-243, inclusive, of the cDNA sequence shown in Figure 1 were designed. These were then made by solid phase synthesis using an Applied Biosystems DNA synthesiser and purified with an 8% polyacrylamide/8 M urea sequencing gel.
For the in situ hybridisation study, prepubertal Large White boars were surgically prepared under closed-circuit halothane anaesthesia, using sterile precautions, with a catheter in the external jugular vein. Animals were killed by i.v. pentobarbital sodium (Lethobarb, Duphar) injection 30 min or 2 h after an i.v. injection of a low dose (20 µg; approximately 0.7 µg/kg) of bacterial lipopolysaccharide (LPS, Escherichia coli serotype O26:B6); this dose is known to produce a short-duration febrile response and activation of the HPA axis in the pig. 5, 12 The brains were removed within 15 min of death, cut into blocks and stored at -70°C. Cryostat sections (12.5 µm) from the hypothalamus, containing the paraventricular (PVN) and supraoptic (SON) nuclei, were thaw-mounted onto glass slides that had been coated with (poly)-Llysine, and fixed in 4% phosphate-buffered paraformaldehyde (5 min), rinsed in PBS, dehydrated in an ethanol series and stored at 4°C in 95% ethanol.
Both oligonucleotide probes were 3′-end labelled using deoxynucleotidyl transferase (Pharmacia) and [ 35 S]-dATP, then purified using Sephadex G-50 exclusion gel columns. Probes were diluted (to 250 000 cpm/200 µl) in hybridisation buffer containing 4x standard saline citrate (SSC), 50% formamide (deionised), 50 mM sodium phosphate (pH 7.0), 5x Denhardt's solution: 200 µg/ml salmon sperm DNA, 100 µg/ml polyadenylic acid, 40 mM dithiothreitol and 10% dextran sulphate (molecular biology reagents were obtained from Sigma Chemical Co., Poole, UK). Sections were hybridised overnight at 40°C, washed in 1x SSC at room temperature (1 h), then again at 55°C also for 1 h. Subsequently, sections were rinsed briefly in 1x SSC, followed by 0.1x SSC and distilled water, before dehydration in an ethanol series, after 32 Vellucci which they were dipped in Ilford K-5 liquid emulsion and stored at 4°C in light-proof boxes for 10-11 weeks. Finally, the sections were developed in Phenisol (Ilford) and counterstained with 0.2% methylene blue. Quantification was carried out using a computerised image analysis system with measurements (grain counts) made from high resolution silver grain autoradiographs using 3-6 sections per animal. The differences between treatments were compared using the two-tailed t-test.
RESULTS
A 414 bp genomic DNA fragment was shown to contain a partial porcine c-fos gene nucleotide sequence (EMBL/ GenBank Accession No Y14808). These data suggest a coding region of 291 nucleotides encoding a protein fragment consisting of 96 amino acid residues. The nucleotide coding region was found to be 89% identical to mouse, 88% to rat 13 and 95% to human 14 c-fos, thus confirming Endotoxin effects on porcine c-fos 33 the character of the clone (Fig. 1) . The putative amino acid sequence encoded by the porcine c-fos gene is 97% similar to human and 95% similar to rat. Two oligonucleotides were synthesised and, as both were equally effective at hybridising with porcine c-fos, the results from only one (complementary to bases 198-243 of the porcine c-fos gene) are described.
Only low levels of c-fos mRNA were seen in the PVN and SON of control pigs ( Fig. 2A,C,E & Fig. 3 ). Following i.v. challenge with LPS, there was a significant increase in c-fos gene expression in the PVN and SON (P < 0.05) after 30 min with a return to baseline at 2 h (Fig. 2B,D,F & Fig. 3 ). c-fos mRNA was found in both the magnocellular and parvocellular regions of the PVN 15 and was evenly distributed throughout the magnocellular SON (Fig. 2B,D,F & Fig. 3 ). The dose of LPS used is known to produce a significant increase in core temperature lasting for up to 3 h 5 and all the treated animals showed evidence of a febrile response (shivering).
DISCUSSION
The sequencing of the porcine c-fos gene has enabled the development of oligonucleotide probes that are suitable for in situ hybridisation studies in this species and it is of interest that the sequence is more similar to that of man than the rat. This investigation is thus the first to demonstrate expression of c-fos mRNA in the porcine hypothalamus under basal conditions and following i.v. endotoxin challenge, and confirms our earlier IHC findings on the distribution of c-Fos (protein) in LPS-treated pigs. 12 Similar observations have previously been reported in the rat 16, 17 and sheep. 18 The present data are consistent with our former results showing increases in plasma cortisol and vasopressin concentrations following LPS administration in growing pigs. 12 Hence, c-fos gene expression in response to this challenge occurs both in the parvocellular (primarily synthesising corticotrophin releasing hormone) and magnocellular (synthesising lysine vasopressin) regions of the pig hypothalamus. 19 The use of ISSH to study the expression of c-fos mRNA in endotoxin-treated pigs should further our understanding of the central mechanisms involved in acute phase responses in swine. Such studies are not only of academic interest but also relevant to the well-being of intensively housed pigs. 
